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FOREWORD 


This  report  is  based  on  atndies  conducted  with  bellistic 
modifiers  for  doubie-baee  propellants  since  19^7>  principally  at 
the  Allegany  Ballistics  Laboratory  and  the  Naval  Ordnence  Ttest 
Station.  Much  of  the  work  hao  been  presented  in  progress  reports 
and  papers  Issuing  from  both  Bcti%'’itles  since  1950.  The  present 
report  is  an  attenipt  to  consolidate  this  information  and  to  present 
an  analysis  cf  in  a  newly  org^niaed  form.  The  approach  aiid 
treatiaent  differ  from  those  of  earlier  reports  in  being  more  highly 
specialiaed.  The  purpose  has  been  to  elucidate  the  reaction 
s^chaniams  of  many  lead  compounds  in  double-base  propellants  with 
the  help  of  8  numericei  analysis  of  their  burning-rate  accelerating 
effects  and  to  define  the  important  elements  of  their  chemical 
structures  as  these  appear  to  be  related  to  their  effects  in  pr-0“ 
pellants. 

The  work  vras  parformad  under  various  Bureau  of  Ordnonce  ']hsk 
Assignmanta  and  with  Ejcploratory  and  Foundational  funds. 

Tliis  report  is  transmitted  for  information  only  and  doss  not 
necessarily  represent  the  official  views  or  final  Judgmant,  of 
this  Station. 

A.  T.  C» 

Head,  Propellents  SivlBion 
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ABSTRACT 


A  mathematical  analysio  was  raeds  of  the  burning  rate  accelerating 
effect  of  numerous  lead  compoundB  in  extruded  double  propel- 
lants.  This  study  showed  the  generally  greater  rate  accelerating 
effect  of  hydroxy  or  similarly  substituted  aromatic  lead  coH^ounds 
relative  to  the  aliphatlcs,  especially  in  the  presence  of  other 
substituents  which  allow  formation  of  bidentate  groups.  These 
groups  seem  to  activate  the  eromatic  nuclei  for  electrophilic 
faubstitutiou  and  to  preserve  the  reactivity  of  the  lead  in  the 
preparation  zone  of  the  solid  propellant  deeoaiposltioa  wave.  In 
some  cases,  deactivation  by  further  substituents  and  over-protection 
by  intramolecular  resonance  have  been  observed  or  inferred.  Refer¬ 
ences  are  mads  to  other  reports  which  deal  with  the  possible  mscha- 
nism  involved  in  this  form  of  double-base  propellant  burning. 
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Tixe  burning  rates  of  uome  double-base  propei.'^antp  conts.i^.Mig 


certain  .lead  compounds  exceed  very  sigaificQntiy  tlxe  burning  rates 
of  lefid-free  propsllantc  in  certain  piesaurG  ranges.  Within  these 
ranges  leaded  propellants  exhibit,  at  low  presem'-es,  hig>i  pirassure 
cgjcponentsl  wiilch  are  followed,  at  increased  pressure,  by  relatively 

low,  tero,  and  sonstiaisa  XKjgativa  pressure  exponents. 

/ 


In  a  ayafceisatlc  approach  begun  several  yeai'-s  ago,  a  series  cf 
lead  Gcapounda  of  organic  isaterials  was  investigated.  Ttila  study 
quickly  ir.dicated  the  possibility  of  a  definable  relationship 
between  chemical  eonstitutioa  and  ''aodifier  eff activity",  P-urther 
work  has  led  to  a  clearer  and  sore  quantitative  understanding  of 
ths  ao-celiod  ®  and  “pisteau'*  effects  in  ths  buraing-rate- 

preBS*ura  relationship.  Tne  aynergistic  effects  of  mixtures  of 
lfe?xd  and  copper  cos^joiukIs  are  not  covered  in  thrj  present  report 
even  though  they  are  exceadingly  useful  in  preaent-day  service 
propellants  such  as  X-l?!.  X-13  and  X-Ib  cospositionB  developed 
at  the  ifeval  OzHinancs  Ofest  Station.  Here  the  effects  would  appear 
to  require  moxu  study  before  a  meaningful  analysis  can  be  attempted. 


COI»tFARI.SOI  OP  ^jm  COMPOUi-iDS  BY  ".MODIFIER  El'FECTIVITIBS'’ 


la  Rei 


an  attessnt  wa-st  r-rsde  to  introduce  a  nmBerical  evalua¬ 


tion  into  the  di^.eixssiQn  of  the  influence  of  additives  which  prO“ 
duce  plateau  or  wssa  burning  of  double-braae  propellants.  As  an 
early  yardstick  for  the  quaatificatioa,  the  maximum  increase  of 
the  bOTning  rata  produced  by  the  nrlditive  was  used,  rnis  incresp-s 
hod  earlier  been  called  “superrato  burning”  (Kef.  2).  A  still 
more  powerful  s®a8ur<5  of  the  effect  could  be  roipi’esentefl  on  the 
burning  rats  diagraia  by  an  area  which  io  enclosed  by  the  rate- 
pj'essu.ra  Isothei’iiis  of  ths  propellent  contoiiriiag  the  additive  and 
th-'S  propel3.4snt  W'‘t!..oat  aueh  additive,  ‘3b/-pical  form  of  such 


•) 

Tiie  pi'essure  exponent  is  the  value 
r  s  cP®  where  is  the  linear  btiming  i^ate, 
at  any  tesperst^xre  and  is  the  chamber  pro 


'*c** 


is  a  constant 
^^ssure  duririg 


combust ion. 
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grapho  ar«  ^hown  in  Fig.  1.  (liie  coraponitions  of  theto  propellanta 
are  given  In  Table  1.)  These  lines  ore  substantially  convergent 
at  lou  pressure  (50  to  &00  psl)*  separate  at  a  pressure  which  is 
highly  dependent  on  the  structure  of  the  lead  compound,  and 
essentially  unite  ogoln  nt  higher  presoureg.  The  burning  rato- 
preoBure-~tefii5>eroture  data  I’roiu  otrond  burning  teats  are  normally 
plotted  on  lOg-lop;  grophs  for  case  in  the  dotormination  of  prostsiu'e 
exponents  and  toraperature  coefficients.  For  the  p\U')>08e  of  a 
niusarlcal  avaluotion,-  it  appeared  desirable  to  evaluate  these 
"sijparratf'.  areas"  by  Integrating  them  in  linear  coordinates,  not 
In  logarithraic  oneu.  In  Ref.  1,  this  new  method  for  evaluating 
the  burning  rate  diagrams  has  been  described  as  follows; 

"Tne  areas  bounded,  by  the  curved  rat/^ -pres sure  plot  (for  70^F 
testing)  and  a  straiglit  line  of  slope  (pressure  exponent)  equal 
to  0.7  coinciding  with  the  high  and  low  pressure  portions  of  each 
plot  in  logarithmic  coordinates  have  been  converted  to  linear 
coordinates  and  integrated  with  the  aid  of  IBM  equipment.  Areeis 
are  in  the  dimensions  of 


pounds  (force)  *  inch  _  pounds  (force) 
ilich'^  sec  '*  inch  sgo 


these  ixnits  may  have  no  particular  physical  significance, 
a  comparison  of  these  values  of  a.rea  at  constant  concentration 
of  lead  compoundo  may  presustahiy  offer  a  fair  indication  of  the 
rcXcuivc  cstwly^tic  efiect  oi  voriouo  .  xn  t<nOae  xew 

cranes  where  available  data  did  not  show  convergence  of  tha 
nuperrate  diagram  and  the  base  line,  the  ares  was  closed  arbi-* 
ti'srily  by  extrapolating  the  diagram  to  meet  the  base  line..  Bata 
were  invariably  carried  at  least  to  tha  point  whare  the 

low  pressure  end  of  the  supsrrate  diagrcai  was  dropping  sharply 
toward  the  base  line.  The  selsetioa  of  a  0.7  value  for  the  slope 
of  the  base  line  was  arbitrary;  it  was  also  conservative  eince 
it  tended  to  ralnlinl5;e  the  enclosed  a,rea  of  Bup8'‘.rate  burning. 

Some  unffiJDdjfisd  double -base  systeras  show  eloper,  closer  to  unity. 

In  a  latoj'  consideration  these  figures,  it  was  obnerved 
that  better  results  were  obtained  if  propellants  having  similar 
heats  of  ec.jjlosious  were  conipared.  How  such  the  data  are 
changed  by  o  charjge  io  the  heat  of  sjnjlosion  car.  be  seen  by 
coimparing  PL  120  and  PL  220-  which  have  similar  composition  and 


Deaignetion  of  experiiaeatai  propellant  lots  in  the  monthly 
progress  reporto  by  the  Propellaircs  Division  of  !®TS, 
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FIG.  1.  Superrate  Areas  of  Typical  Propellant  Corsjiositions  (See  Ttib 
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Componition  and  Heet  of  Expioolon  of  Px'opelluuts 
£S^oiw  in  Figuro  1. 


CoispoGition  and  heat  of  cKpicaion 

f  i 

■^0  1 
! 

Early 

r" . . . 

X“6^ 

Early 

x-8'1 

A.  Basic  Caaposlticns,  Weight;  ^ 

Nitrocalluloae,  12.6^  N . . . . 

Nitroglycerin  . . 

Diethyl  phthalate  . . 

P-Kltrodiphenylaain©  . . 

54,0 
31.6 
10.1 
2.0  i 

52.0 

33.1 

10,9 

2.0 

49.0 

35.5 

9.3 

2.0 

50.0 

34.2 

9.8 

2.0 

B.  Modifiers,  Wei^it,  ^ 

Potaasiuia  sulfate  . . 

Carbon  black  . . 

Lead  stearate  . . . . 

Lead  salicylate  ................. 

Load  2“ethyihexanoate  . . . 

Lead  /3  -I'eaorcyleta  . . . . 

1.5 

0.1 

0.5 

*  f  • 

•  >  *  f 

9  •  f  0 

•  «  »  « 

•  t  •  0 

•  •  •  * 

-*-*.-* 

1  0.? 

i,  X  a  i 

1 

1 

«  «  «  » 

•  •  •  » 

«  *  •  * 

3.0 

1.2 

1  «  »  •  * 

«  •  •  • 

•  •  w  • 

»  •  •  « 

2.0 

«  »  «  « 

2.0 

C.  Heat  of  Explosion,  Cl 

1 

Measured;  cal/g  . . .  j 

8^6  1 

664  j  848 

620 

®  Lot  PAE-,136,  Reforeace  K0T3  Report  !h  m  469. 
^  PL  167,  Reference  IfOTS  Report  Ko.  4^6. 


^  Int  PAE-6130,  Reference  K0T3  Report  1^.  TM  1048. 
^  PL  419,  Reference  WOTS  Report  Ko.  TM  IO96. 
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const oxc^pt  for 
pinotlcizer  in  PL  220. 


th«  highor 


ratio  of  nitroglycerin 
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2.  IriflucncG  of  a  Change  in  Heat  of  Explooion  on  the 
Superrot-c  of  Cissllnr  Double-Base  Px'opellantB 


Properties 

PL  121 

1 

PL  220 

Heat  of  explosion,  cal/g . . . 

770 

866 

Total  area  of  superrate  . . . 

250 

.175 

I^ed  salicylate,  i> . . 

2.0 

2.3 

Hiis  sensitivity  to  heat  of  explosion  ^ms  already  well  known 
end  had  led  to  tlie  assuBjption  that  the  plateau  or  nssa  effect 
might  exist  only  below  a  certain  coinbuotion  gas  temperatura  at 
which  the  ges  oerroosition  was  nearly  independent  of  the  pressure 
{Ref*  3)‘  With  increasing  flesr®?  tejssjorature  and  heat  of  explooioaj, 
the  influence  of  lead  compounds  would  therefore  dscrouae.  More 
recent  results  with  iijiprovsd  lead  compeunds  have  ahowrj  that  it  is 
possible  to  obtain  plateau  effects  irith  high  energy  propellrntto 
whose  flaise  tetaperaturee  would  indicate  appreciable  dependence 
of  gas  Gcasosition  on  pressure.  Combinations  of  lead  cosipoxmds 
snd  copper  coapounds  extend  these  poonibilities  still  further. 
However,  the  characteristic  decrease  of  the  "ouperrate  area’’ 
with  increasing  heat  of  expiooioa  is  still  apparent,  and  this 
effect  malies  it  necessary  to  coamay-e  data  from  different  propel, Icssts 
on  the  basis  of  c^jnal,  or  st  least  very  similar,  heats  of  ejrpiooion. 

A  large  variety  of  change;?  can  be  mde  to  alter  the  properties 
of  an  extruded  double-base  propellent.  .Besides  changeis  in  the 
ratio  of  nitroglycerin  to  nitrocellulose,  ohoageo  in  the  natiu'e 
and  content  of  the  ^itabilizer,  plasticiser,  high  explosive  eMi» 
tives,  or  metal  ccr.qjounds,  cairi  influence  burning  properties.  In 
the  studies  upon  i/hlch  ssuch  of  the  present  analysis  ia  based, 
the  range  is  cc^^osltion  was  kept  sssiall  except  for  tlxa  ratio  of 
nitroglycerin  to  pla-Jticiser  jund  the  neturi?  and  content  of  the 
lead  compouads  to  bs  tested,  ea  Ifebie  3  indicates: 
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TMiLE  3. 


Hnnge  of  Corapooltion  of  D.DubIe-E?;Bo  Pro|>4i Hants 
Used  in  the  Preseet  Ev^luatiori 


i 

Ingre<ilP:its 

1 

Percent  ov  vsigljt 

fliurocollulooc,  12.6'/>  H  . . . 

Ifi  troglycerin. . . . . . . . 

Diethyl  phthalats  or  di-n-propyl  adipate  ...  i 

2-NltrodiphenylEmine  . . 

Lead  compounds  . . . . 

Heat  of  explosion,  col/g  . . . . 

50.0  -  2 

35.0  -  6 

8.0  -  5 

2.0  0.5 

2  to  3 

720  to  1050 

The  results  of  these  studies  were  useful  in  shoving,  for  a  given 
energy  level,  the  r-<5latlve  influences  of  a  large  nuasber  of  lead 
Gcag^ounds  on  the  burning  rate.  One  purpose  of  this  coiaparison 
vas  to  find  guide  lines  for  further  isiproveisont  of  such  ccs^ounds, 
even  without  eotabllshlug  the  reaction  jaechanisa  Involved,  by 
comparing  the  structure  of  the  additive  with  the  results  obtained. 

For  the  initial  eooiparlson  of  the  effects  of  the  added  load 
coapo^inda,  the  quotient  of  the  ''sigseinrate  area”  divided  by  Ihs 
weight  fraction  of  the  lead  ca2g>Qund5  contained  in  tno  propellant 
had  been  used  (Ref.  l).  Kowever,  since  the  solecul,ar  weights 
of  3ucb  compounds  the  porcontage  of  jjstal  there  in.  te:  ^sd 
to  vary  widely,  it  appeared  sidvioablc  to  divide  the  oupsrrate 
area  by  the  eaaily  det^sinsiiasd,  weight  percent  of  lead  in  the 
propellants,  ©lis  quotient  is  called  “isodifier  effactlvity”. 
Derived  froia  mi  area,  its  'value  ia  dependent  as  m\ch  on  suatainsd 
ratQ~boosting  effects  of  a  aiodifier  as  it  10  on  a  cK:>ro  marked 
effect  which  might  occur  over  a  srcaller  presaiur-e  rsage.  Since 
tile  bui-ning-rate-aodifyiag  agents  ware  generally  well  defined 
ctieraical  cempousds  of  lead  with  organic  groups,  a  definite 
stoichloeetric  relationship  existed  between  these  parte  of  the 
risolscuie , 


The  isssunptlon  had  to  be  smde  of  course  that  such  division 
of  the  '’superroto  area”  by  lead  satal  contents  would  give,  even 
at  different  levels  of  lead  content,  sufficiently  cc^arable 
data.  For  this  reason,  the  percentage  of  lead  cc^ounds  wao 
adjusted  in  these  iaveatigatlono  to  give  reasonably  unifom 
lead  metal  contewts  where  large  differt^nces  existed  In  the 
molecular  weigh ta  of  the  additives.  Foi-  small  variatlcno  of 
'the  molecular  x-reijghua,  it  waa  uasumsd  that  proportionality 
ex'Leted  betvreen  the  changes  of  the  ”oupei^’atQ  area”  and  the  load 
content  for  a  given  propellant  co^oaitiors. 
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weiKrit  perce-:,tnfrt.;  of  lead  ccmipounds  used  l.u  these  com- 
pooitione  van  based  largeiv  on  previous  studies  by  the  Allegany 
Ba.lliotlcn  Laboratory  (ABL)  and  by  the  'J.  S.  h’avnl  Ordnance  'feat 
Station  (rIOTSj  concerning  the  fonn  oi  each  “superrato  areao*’ (Hef , 
1,  kf  and  5).  T-he  actual  3ham>  of  ouch  areas  was  neglect-ed  in 
the  present  search  for  a  practical  ovaluaticn  tool. 

In  the  following  part  of  this  report  an  attempt  ia  made  to 
apply  tile  evaluation  iMthocl,  based  on  "aodifier  effectivity",  to 
practical  double-base  p^'opellanto  moat  of  which  were  prepar-ed  m 
a  part  of  a  broader  applied  I'csearch  and  development  program. 


RESUm’S  OF  rriE  APPnCATION  OF  THE  ABOVE  MS'PHOD 


Influences  of  Lead  Salicylate  and  Related  Cottipounda .  In  th  la 
inveotigatlon  of  constitutional  influancea,  the  different  burning- 
rate  -modifying  agents  were  compared  in  propellants  having  about 
the  .sanse  heats  of  explosion.  "Modifier  effectivltieo"  vere 
calculated  frem.  the  integrals  of  the  "auperrate  area"  by  dividing 
this  area  by  the  Rsatal  content  of  tha  propellant.  Table  *+  shows 
such  a  comparison  between  lead  2-ethylliexanoate  and  lead  salicylate. 
Similar  results  were  obtained  in  a  comparison  of  lead  oalicylste 
and  other  lend  salts  of  aliphatic  ac id? ,  such  as  lead  stearate. 


Pb 


0 

II 

■  0-C 

o~c 


CpHc 

i  " 
(CH)  - 

(CK)  - 


V9 

CuKq 


1.  Lead  2-ethylhexanoate 


''rb/2 

t 


2.  Lead  salicylate 
(Lead  2-hydroxybenscate ) 


TABLE  4.  Comparison  of  LeM  2'’ethylhexanoate  and  Ui&d 
5:?alicylate  as  Burning  Ra'be  Modifiers 


Characteristics 

1.  Fo  ?~ethyl- 
hexsrtoate  | 

2.  Pb 

salicylate 

Modifier  effectivity  c .  > 

66 

291 

Superrate  ares  . . . 

44  i 

250 

Pb  conmound  by  analysis,  ^  . 

1.6  ! 

2.0 

Pb  in  compound,  ^ . . 

41,98 

43,04 

Pb  in  propellant,  %  . . 

0,6? 

0.86 

H  at  of  explosicn  of  prop,  llant, 
cal/g  .......................... 

1  'f8!| 

1  770 

i _ J21 _ 

i  120 
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It  can  he  oeen  th&t  largo  dlfrerenceB  cxiot  in  t.ho  mcxiiricr 
cfl'ectivl t,v"  between  eoitsound  1  turri  R;  the  f  alicvlate  need  in  t‘- 


eo:t:rpound 
;iiig  more 

ethyliiexfinc-ftL-e  in  the  iMrat  compoiusd. 


ccoDd  coKspoaiti.m  being  sore  ti'.an  four 


as  elective 


4=  h, 


Tnc  qucallon  tirorje  ao  to  viiich  rono  tituiionsil  differenesis 
between  the  two  lead  coiJTpounda  might  ho  related  to  Lhe  above 
dies lallfiLritlefi  in'Wdirier  ef fectivity  1'  Both  coffg^ourd.f.  ai'e  salts 
of  carboxylic  acids  and  do  not  ioni'^e  extensive ly;  even  lead 
acat/ate  in  dilute  aqueous  solutions  shows  a  oaall  degree  of 
dissociation  (itef,  6),  and  comi.»iex  ions  are  formed  in  concentr '  ted 
solutions  (Ref.  7  and  8).  Tlie  exchange  of  an  aliphatic  carbo  dc 
acid  by  an  aromatic  carboxylic  acid  does  not  change  such  prore  '.ies 
very  greatly.  In  comparable  double-base  propellants,  the  Allege.. 
Ballistics  I/Sboratory  (ABl)  found  a  very  similar  behavior  of  leaa 
2-ethyIhexanoate  oM  lead  ortho-toluate  up  to  2,000  psi  (Ref.  9). 
Iherefore,  otter  reasons  had  to  be  found  for  the  differences 
between  the  effectivities  of  the  lead  salts  of  these  two  acids. 

Hie  only  other  difference  betwen  lead  ethylhexanoate  and  lead 
salicylate  is  the  presence  of  a  phenolic  hydroxyl  group  which 
makes  the  aromatic  nucleus  highly  subject  to  electi^ophilic 
attack.  'Ihus  it  was  necessary  to  Investigate  such  influence 
with  compounds  which  could  show  their  contribution  aeparately 
from  other  effects.  For  this  purpose,  the  data  for  lead 
m-cresolate  and  lead  catecholate  have  been  compared  with  data 
for  lead  salicylate  at  aimilai'  heats  of  explosion  as  shown  in 
Table  5o  f’or  copipar Ison  with  lead  catecnolate ,  basic  lead 
salicylate  with  similar  lead  contsat  has  been  used. 


^Pb/2 


i 


2.  Lead  salicylate 


3o  Lead  m-cresoiate 


(DlFIDiKfliiL 


tlA'iO  Hi  J  K  !hl',  li  If T 


H.) 


0  ■ 

I 

i  ' 

i  0 


5.  lyjjfid  catocholate 


6.  Basic  lead  nailcylnte 


TABLE  5*  Influence  of  Phenolic  Hydroxyl  Groups 
in  the  Absance  of  Carboxyl  Groups 


CliarttcteristicB  i 

2.  Fb 
salicy- 
late 

3.  Fo 
ra-creao- 

late 

3.  Fo 
catcchO" 
late 

6.  Basic 
Pb  GSli“ 
cylato 

f'fedif iar  effectivity  ...... 

291 

20 

26 

198 

Superrata  area  . . . .  ♦ 

250 

29 

49 

231 

Pb  cofigjound  by  analysis. 

4. 

iff  1 

P.,0 

0  T 

0 

C.  • 

2.0 

Fb  in  co3spou.L.ji,  j 

43 .0!- 

'69 

65.72 

58.31 

Fb  in  propellant,  f 

0.66 

X  •  ^x 

1.90 

1.17 

Heat  of  exx»10oion  of 

1 

propellant,  col/g  ....... 

770 

763 

!  663 

880 

^  Xj  ••••• 

120 

^22 

1  1 

644 

ABL2316 

It  S23y  bs  concluded  that  neither  the  oroiaatic  carboxyl  group 
as  present  in  laad  ortho-toluate  aor  the  phenolic  hj^roxyl  of  the 
aromatic  acid  ^  itgelf  produces  lead  salts  with  such  high  ^modiiier 
effectivity**.  It  followed  that  th©  preasnea  of  both  of  these 


groups  in  the  lead  aal.ts  is  proper  relative  position  might  bo 
necosoary.  For  exojiirietion  of  this  posaibilitVp  it  appeared 
deairabl©  to  determine  whathsr  or  not  the  hydroxyl,  group  of 
salicylic  acid  could  be  replaced  ui.th  other  groups  of  siijjilar 
eiQctricai  iaflueac-s  without  greatly  iafluencing  the  ’’isodlfier 
effectivity”  of  the  lead  sal  to.  For  this  piirposo,  data  of  the 
Ailegcuiy  Bstliistics  Laboratox’y  (ABX.)  about  basic  lead  sslicylats 
©ud  lead  thiosaiicylate  (Ref.  9)  couM  fcs  used  to  supple, Tssnt  lnc5,l 
iafonaation,- 
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IL 


0.  0 

■'c  ly 


7.  Lead  thloeRlicylate 


0  0  -f’b.r 

"'C  0 


8*  Lead  phthalote 


TABLE  6.  Influence  of  an  Exchange  of  the  Ortho 
Hydroxyl  Group  of  Basic  Lasd  Salicylate  by 
OtJier  Groups 


CharactoristicQ  i 

6.  Basic 
Pb  flftl.i- 
cylate 

T.  Pb 
thiossli- 
cylate 

8.  Fb 

ate 

1.  Pb  2~ 
ctbyLhGX“ 
finoate 

Modifier  effectlvity  .... 

198 

m 

101 

66 

Super rate  aran  . . . 

231 

170 

lOJi 

Ml 

Fb  cospound  by  enalyais, 

2.0 

2.0 

2.0 

1.6 

Fb  in  coispcuad,  ^  ....... 

58.81 

57.66 

51.38 

41.98 

Fo  in  propellant,  ^  . 

1.17 

1.15 

1.03 

0,67 

Heat  of  axplosioa  of 
propellant,  cal/g  . , . . , 

6&) 

880 

757 

784 

!PXj  1^0 

ABL2318 

1 

ABL2070 

266 

1  12x 

For  cosparisoa  lead  thlosalicylate  it  wais  necessary  to  use 
basic  lead  salicylate  fetiich  coatalSB  a  very  siaiiar  assoiint  of  lead 
(see  TiabI®  6),  Leed  phthalat©  also  hm  a  cosiparoble  leed  content g 
since  the  ortho  hydroxyl  group  of  lead  oeXicylato  has  beta  replaced 
by  a  second  cas'boxyl  group.  'jSi©  relative ‘Wlif let*  effactivitie©® 
^are  for  leed  thiosaiicylate  end  for  lead  phtaoiate  ^asn 


compared  with  that  of  basic  load  gfflieylat«,  Cas^srsd  to  lead  2- 
ethylhsKarsoatej,  the  ©ffeetivit-y  of  lead  phthalats  was  'fees© 

rciiatively  hi^p'i  data  surprising  since  phthslic  acid  itseM  igs 
very  stable  against  eiectrcphilic  attack,  Hie  dif foresee  may  be 
due  Ml  a  fox's  of  iapz'oved  protection  of  r.h«  leed  ion  through 


steric  influences  slaMsu-  t-o  the  prossuc®  of  hMmi' 


groups  iri 
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the  or/^asic  part  of  ti’e  bartJirifj  rftt«  codifi 
of  covireej,  in41c«teii  "‘ty^o-toothed”  cheslcfsl 
ebl«  to  form  chelates. 


er.  Thia  expression, 
corf>cijj¥la  which  are 


for  evaluation  of  the  properties  of 
proprllnnt  ccutaining  the  nortml  emit  of 
uiiod  .'w  a  refertjnco-  Table  7  fi]UA“5  the 


lead  anthranilote ,  a 
lead  Belicyiate  ^faa  jigaln 
data  for  the  fjerforoimee 


01  these  prop^sllanta . 


2,  Lead  {saligyloto 


4.  Lead  anthranllata 


TABLE  7*  Influence  of  an  Exchange  of  the  Ortho 
Hydroxyl  Group  of  fforriial  Lead  Salicylate 
by  on  Amino  Group 


Charactorlotico 

2.  Fb 
oalicy- 
Inte 

4.  Pb 

aathra- 

nilate 

1.  Pb  2- 
ethylhex- 
aaoate 

Modifier  effectivity  . 

291 

1 

l4o 

66 

SiVp0S*2'^t/S 

250 

l8i 

44 

Pb  compouM  by  analysis,  ^ 

2.0 

3.0 

1.6 

Fb  in  compound,  ii  . . . 

43.04 

43.22 

41.98 

Pb  in  propellant,  '-p . . 

0.86 

1.30 

0.67 

Heat  of  explosion  of  propellant, 

cal/ g  ...  <!e.(ie.*««oo...®»..«. 

770 

773 

784 

PL  Ho . .  . . . . .  ® . 

120 

490 

121 

Bie  datraa  obtained  for  lead  ontiiranilste  vim  kB.1%  that  of  lead 


salicylate  but  ¥ou.ld  probably  have  been  scsss'tihat  higher  if 


aathranilate 


mo.  o®&n  tisea  in  tne 


seme  concentratiosi  as  lead 


aallcylate.  Itie  val'ee  iQ  otill  212^  of  the  datum  for  XqbA  S-* 
ethylhexanootc?  and  iudicatss  the  aoass  tendency  ef  bident-ate 
groups  to  increase  the  effectiv'lty  of  eroaiatie  coapo^uisOo  The 
couclnsioii  that  the  increasod  porforsaaaco  raay  be  due  to  bidenfcats 
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groapa  ncMed  to  bg 
h  a  V  i  rtg  a  u  b  a  1 1 1  u  e  n  t  b 


cbjickird  by  ccxapiirlBori  yitti  iscscric  cospouMs 
in  othei*  than  the  bidsn  cate  position. 


L.  Pnuiio^  obe-3i*vo8  in  Ref.  iO  ttmt  naithar  3“  nor  U-hyj-ijroxy- 
bentoie  ncld  foras  Inti'tesoiccular  hytii'ogen-bonds&d  chelator?,  whereds 
eaiicyllc  ncid  forjsn  jjuch  cos'jpoiindfl  easily.  A  cossparison  of  the 
ccr responding  lead  oalto  urw,  tijorafore,  Eisdo  nnd  'iViblo  Q  chows 
Use  zAjaulto  of  this  evaluation . 

0 


-ft 

ss 


2.  Lead  oalicylate 
(Lead  2-hydroxybenEoate ; 


OH 


0^ 

i"  d/ 2 


9.  Lead  S^hydroicybenEoats  10.  Lead  ^^-bydroiqrbenEoate 


TABiJJ  6.  Influence  of  the  Position  of  the  HydroKyl 
Grovm  la  LeM  KydroxybenEoates 


Characteristics 

2.  ?b 
salicy¬ 
late 

9.  Pb  3- 
hydroEy- 
bsKEcat© 

10  i  4<» 

hydrcsxy- 
benzoate  1 

1.  Pfe  2-=- 
ethylJhss- 
anoata 

Motilfler  effectivlty  . . . ! 

291 

148 

154 

66 

Suparrats  are©  . . . . .  ^ » I 
Fb  Gosiiouad  by  ©aaiyaiS;  j 

1 

1 

.l4o 

126 

44 

i 

H  \ 

i  2.0 

2.2 

1.8 

i  1.6 

Pb  in  coPOTOUiid;,  $ 

j  43.04 

43.04 

43,04 

kl.9S 

Pb  in  propsllant j  ^  .... 
Ifocit  Qt  exp  loo  ion  of 

0.86 

0.94 

1 

0.82 

i 

0,67 

propallantj,  cal/g  .... 

770 

!  774 

76k 

7&i 

PT 

A  4^  0  «<*•*(••  t'rd»owfaoQD9 

120 

243 

JIT . . . 

121 
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I'ne  lead  asUcylate  in  about  tvlce  effective  ac  the  ruid 
b-iiydrcixybcnzoatcs.  Tsiifs  eupports  the  pi'trvioualy  aentioncd  indica- 
tic-n  of  better  perfont-unce  of  cojnnounda  containlipr  bidcMtaU’  groups. 
AiiOther  intei'catjng  reault  la  that  both  the  3“  t“hy4rox>benaoate  i 

give  conn Iderably  iilgner 'bailf iex’  effectivitleo'' tiinn  lead  2~ethy]“ 
hexajionnte  in  opite  of  the  lainor  reauHo  obtained  with  Isru  aalto 
of  caapounds  con,tfx.ininp;  phenoJic  hydroxyl  groi*p«  but  no  carboxyl 
grcupo.  Such  compmxnda  were  ahown  In  Table  ‘y  ao  load  m-creeolate 
(flo.  3)  load  catecholate  (Ko.  3)* 


“nie  superior  results  of  lead  onllcyloto  demanded  a  contlriutatiun 
of  the  present  invest, tgationo  predoniinojr\tly  In  the  direction  of 
coffipour^da  containing  bidentate  groups. 


Inl'lances  of  Non-Arotnatic  or  Aromatic -Substituted  Aliphatic 
Bidentate  Groups.  The  asoiunption  that  bidentate  arrangensant  of 
substituents  might  be  of  advantage  for  production  of  high*'iQodif ier 
effectivities^had  been  made  on  the  basis  of  relatively  few 
experingints .  It  thus  appeared  nece.ssary  to  determine  whether 
bidentate  groups  in  general  would  show  similar  relationships^  or 
if  only  a  small  group  of  such  corapounas  would  act  similarly. 


Accordingly,  it  appeared  necessary  to  separate  the  effects 
of  aromatic  bidentate  groups  and  bidentate  groups.  Hie  Allegany 
Ballistics  Laboratory  (ABL)  already  had  investigated  two  lead 
salts  of  organic  compounds  containing  aliphatic  bidentate  groups 
(Ref.  11 ).  1110  results  of  these  investigations  showed,  in  the 

first  case,  that  lead  lactate  produced  only  minor  effects  which 
•were  similar  to  those  of  lead  acetate  (Ref.  3).  In  the  second 
case,  lend  acetylacetonate  gave  similar J-y  small  effects.  For 
this  reason,  an  attempt  was  mdQ  to  con^jore  lead  salicylate  with 
lead  salts  of  compounds  which  would  be  more  nearly  like  salicylic 
acid  than  acetylacetone  vihich  is  enolized  only  to  about  "(G^.  Such 
a  corapoimd,  which  exists  oJLiuOS  t  exclusively  in  the  enol  form  is 
dibenzoylrrssthans  (Ref.  IS). 

The  lead  salt  of  dibenzoylim* thane  furthermore  had  the  advantage 
that  the  aromatic  nuclei  of  this  compound  were  very  stable  toward 
any  substituting  influences.  For  instance,  the  rings  would  be 
much  less  reactive  than  those  of  the  lead  salts  of  3“  bxi6.  4~hydroKy- 
benzoic  acids.  Hie  results  of  this  investigation  are  shown  in 
Table  9- 
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TABLE  9*  Influanca  of  Bideatote  Groups  In  the  Aboencs  of 
Koactive  Airosatic  Huclei 
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Superrate  area  ! 
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K)  cosipound  by  analysis,  $ . . 

3.8 

2.9 

Pb  in  coarpoiuid,  $  ................. 

31.6 

^3  ’  ^ 

Pb  ia  propellant,  $ . . 

1.2 

1.25 

Heat  of  eOTlosioa  of  propeilaot. 
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1  ^8 

PL  Ho  . . 

fJ^5 

:  227 

Ifesss  data  ei^cw  t^iat  tb©  pragsaca  of  bidantats  groups  la  th® 
lead  cosaouad  dc^’S  aot^  by  itself,  produce  aay  laciNsase  ia  the 
buraijsg  rats  of  the  propsllant.  Therefore,  the  conclusion  eppaar^d 
reasonable  that  oaly  the  sessq  fvtactlonsi  bidsntate  groups  coatoiaiag 
a  phenolic  hydroxyl  gi'oup  or  its  equivalent  could  produce  burning 
rats-  ijjMifying  effects  similar  to  thoes  of  lead  salicylates » 


lafiuoneo^^of  Corooimds  CoatajLning_  Phenolic 
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tK  wso  i.fili u=,-.y i  rrt)U|«  vith 
•hfj  olrifthyde,  keto,  or  quitiojic  group 
CO.  '*  phenolic  hydroxyl  group  In  vioinsl  poalticn  to  encl- 


or  t.h^‘  iioovo  grouno  'ifssris  uu -kI  in  c;,*dar  to  produce  a  bidentato 
or'o  p.  (i.llxftrin  cud  uyilnirnrlu  were  selected  f^ir  jireparntion 
v,d  lead  cftlta  becfuiftc  of  their  good  evrliftbility  (iral  because 
they  fl¥'ea=5d  tc  '^ulfill  ii.c  above  rcqviireii*3nt« ^  tee  Table  10. 
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10.  Influe.nce  of  Aromatic  '.’srbonyl  CompoundB  With 
Bideutote-Fonniug  Hydroxyl  Groupo 
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®  Preparer!  by  reaction  i?i  aqucoii. 
Bionosodiuia  allaai’lnat-e  with  one  molS' 


3o3:dt.ion  of  tvo  Kolea  of 
of  lead  nitrate, 


l4o  to  Corle  ^4021. 

L  Prepared  by 
earinate  with  siclfi 
to  Code  4021,  27  0 


11  August  1953 «  CCW'ItSKTIALt. 
reaction.  In  nfgu-aov.s  sclrtion  of  dlBodiwa  qulni- 
culor  amounts  of  Isod  a.:etate.  ifersO  P4o11"11T 
ctober  1953?  GONFIiSlKI!?  it- 


c  See  paf?e  25. 
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''wyMfiet  i'frttctlvlty**  of  i-sul  al; 
only  oo«  qulnon.?*  oxygen  say  for 


vn:,cri 


;*  cy<9l«it=e  co-sy'lox,  'si  vary 
high  —  considarably  hUlher  than  tsitit  of  ifisd  saiicyl^i,® .  It  ie 
a-pproriched  only  by  ?fo*  l0ri4  A'  ^  ,  vhlch  n3,so 

contains  an  a.i1d:itlonRl  hydroxyl  group  lik?^  silirarlngt^ . 

'Hite  result  nho'JB  that  if  chaj^ation  is  lr)poj"tfmt,  a  coordination 
involving  an  sirc/mtic  hydroxyl  and  a  carboxyl  group. 


Tfic  resiulta  obtained  with  lead  <|Uinlxer.in.atc  nra  much  lover 
th&n  thoao  obtained  with  lead  alixarlnat-e  and  reauini  farther 
.ep'^.iCial  conalderotion  neeause  lead  (j^jinlr-Bviaata  shows  only 
half  of  the  "Kodifi-er  effectivlty*’  of  leml  .eallcylute.  tills 
decrease  is  larger  than  that  which  might  be  expected  as  a  itioulw 
of  the  absence  of  any  hydroxyl  group  outside  the  bidentnte 
groups.  Tluj  tvo  pucilble  chelate  gmipe  In  the  molocule  of  lead 
quinl7,arin©te  bo  largely  affected  by  Intrsjtioleculer  resorancc. 
GwCh  effects  can  sortetifi&ss  beco^ie  ro  strong  that  tne  noroal  re¬ 
actions  of  the  metBl  atoms  arc  eliralnntcd  and  the  lnterniolecu.lar 
relationahipo  of  such  molecule?,  arc  decreeisod  {Ref.  13). 


C^oflely  ieiuLsd  isocieric  compounds  ahov  ntriking  differences 
In  boilin;^  and  molting  points  b2CEu«e  of  lnti*o/rolecul,ar  *elr!.tion«* 
ahipn  and  rr^... nance  offects.  the  double  chelates  of  2; 4-  and 
U,6'*diucctylri'!sorcinol  vere  dlscxtsoed  in  Ref.  10  from  the  view¬ 
point  of  fixation  of  Kohuls*  otmeturss  f.nvoring  double  hydrogen 
bonds  for  the  2.4  cn.Troound  but  only  single  hydrogan  bonds  for 
the  4.6  iso.mar,  Tnis  theory  of  intrsauDlecuIftr  bonding  neccssai’y 
to  'uriderucand  u*hy  tho  first  of  thecs  iwo  compounds  hao  a  lever 
Rslting  point-  higher  volatility,  and  hotter  solubility  j.n  non¬ 
polar  ic  solAfents  than  the  4,6  isomer  bo  in  ah'nrr  in  Table  11. 
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1 

H;e  nbr-i'e  r*a'ilti},  x-heu,  filers  tentative  conclusions  tc  bo 
about  an  anologoua  bohavior  of  alizerln  aiid  quinizarin 
coKpoiinds.  Qulnisarin  would  fom  an  intra;j?olecularly  saturated 
hydrogen-bonded  double  chelate  in  a  closely  related  manner  to 
2,4-dlacetylr0Sorcinol  wiiercen  alizarin  vouid  form  a  single 
choJa^"-:-  with  considerable  possibility  for  intenaolscular  associa¬ 
tion  because  of  the  remote  poo  It  ion  of  the  sscond  hydimyl  g:roup 
relative  to  the  second  ketone  group.  Table  12  Bhowrs  the  relation- 
ships  of  the  physical  props rt lea  of  tbicse  compounds  which  are 
highly  analogous  to  those  of  the  diace tylreoorcinole^ 


Quinizarin  Ailsarir: 

TABIE  12.  Physical  Properties  of  Dlhydroxy  Dikefconae  of 
Differeafc  Chelation  Pcssibilitieo 


Properties 

Quiniaarin 

1  Alizarin 

t 

^felting  point,  °C  ..... 

i  «■»(.'> 

1 

Bolling  point,  - - 

Sublisits  be- low  195'* 

1  ^30 

Solubility  ifs  alcohol  . 

Solubls 

!  \^my  soluble 

COKPimiflAL 


IT 


“  !r'?r 


ihe  changcj  orJcr  of  the  b 
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a  dovble-base  nrcpalie^-it  laJS-trlx. 
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tsfitatlve^  conclusion  Sight  ba  dra^m  at  this  point 

tutlonal  requlmsenta  foi*  tho  orgaai*; 


jnsti' 


regarding  th-o 

of  tho^e  load  cotspounds  uhicK  have  h’gh  c  ffectlvity  In 
doubla-*boao  procull-anta.  This  is,  that  any  ccrapoisnd  containing 


a  bidentate  group  vfilch  includes  an  nrcsistic  hydroxyl,  mrceptasi, 
or  sislrso  group  and  a  carboxyl,  ctsrbonyl  or  equivalant  groirp  can 
be  used  to  produce  load  cotq«)UC'-l£  of  l.ticr^Rred  "modifier  effectl- 
vlty”.  This  Influence  iray  be  d“cs”oasecl  if  tht?  lead-fi‘ee  corapouM 
nho^a  excessive  intraciolecular  stabilization  infliwjnces.  Ite 


orgfuiic  part  of  the  niodifier  seoaxi,  for  thie  reason,  to  contribute 
considerably  to  the  burning  rate  increasing  effecta.  V/hether  or 
not  this  InflcKJOco  la  due  to  dieisicol  i^tactloas  involving  m. 


attack  on  the  aresatio  ring  should  ba  readily  ascertainable  by 
detenainlng  the  '’inodifior  affsccivlty"  of  coepoundE  having 
appropriate  groups  in  one  or  both  of  the  runctiva  positions  of 
tim  aromatic  nucleixa  which  are  ortho  and  para  to  the  hydroxyl; 


sfiorenptn,  or  atiiii^o  groups. 


For  this  purpose,  data  could  be  used  which  had  bean  obtained. 

In  earlier  .r.  .“estigatioan  of  lesd  o-cresotinate  and  lead  5-tertlary- 
butyio  alley  Ians .  In  lem  o^crcsoiirmto,  a  Kxsthyi  group  is  present 
in  the  position  oirtho  to  the  hydroxyl  group.  In  lead  5“t®rtlarj*“ 
butylsallcylato,  the  position  ortho  to  the  hydroxyl  group  is  frees, 
but  the  para  group  ic  blocked  by  a  tertlar.’  bucyl  group. 


Tsbla  13  shows  the  constitution  of  the  differsjit  compounds 
and  the  reaulte  obtained. 


0 


Fb/2 

I 


,l6,  laed  salt  of  2-hydroxy- 
S-aiathylbengoie  acid 
(la®d  o-cresotlna^s) 


17,  laad  5“tertisiry» 
butyleal icylata 


IB 


00iF2»riAL 


'lABIE  13.  Infliience  of  SuJjstitution  of  the  3  or  5  Position  of  Hviroir^^enEOlc 


COKFIK 


‘O 


< 


V  -O  u  \ 
u  ^  0\ 


r..  »“( 


t  i 

:  u  H 

i)  >. 

p  p 

^3 

i  4  a 

iS 

tr-x  ,0 

r-il 

t 

/j  >> 

0 

1  P'  r! 

•H 

t  4 

H 

1  *  -H 

© 

•  t-42 
iH 

o 

4-< 

O 

■’J 

4) 

fe 

6 

M 


i 

H 

>>  O 

5  S 

f  S 

OJ  x: 


lA 
(7^  Ox 
H 


(\1 

OmOx  O 

O  J  ,.r“  r-( 

.'A 


1 

?b 

lie 

0 

»  0 

H 

CM  EC 

•  a) 
O  -P 

fij 

P  o 

•iS 

•  O 

m3 

H  p 

w 

o 


05 

o 

•H 

P 

-ri 

f-( 

a) 

p 

o 

CO 


rH  O 


vn 

o  o 

«  »  i 

CM  ro  o 


H 


O-' 


OlvO  ro 

«  «  1 

A'l^  tH 


.X-  K 

‘  4b’ 

iX)  N 


<\>  fA 

~t  -O 


o  c^ 

’■vO  CT'^X^ 

s5k! 

1*“  ’~i 


m 


CO  vn 
P-  (* 


’  'S ,  fci) 

» *3  H 

«  p  O  to 

-  S  -A  O 

nd  «  a 

K  O 

p  «-i  I— I  P 
O  05  pi  d 
M  © 


te-p 

O  U 

i)  J3j6. 


o 


A  » 

a 

a 

0 

£> 

t> 

•rt 

Pi 

ej 

4’ 

6^4 

P 

.0 

A? 

tS3 

IXt 

P4 

til 

ra 

J.  I  i*-  -9^  aij 


NAVOi-r.-  hrj-tcrr 


Ci 


With  Ui«  infoducilcn  uT  tft?!  methyl  rroup  In  the  j  pceitlon,  e« 

In  lead  u>creeotln*t<t  (eu.  lo),  the  *KCidlfler  effectlvlty"  dro^'9 
to  shout  one- third  of  thst  of  lead  ealicylat*  but  la  atiU 
better  trao  the  data:  for  lead  2-athylh«xaaoat«.  Tbm  data  for 
lead  3>t«rtiary-b  .tyL:.allcylff.te  aho>'  that  auhstitutlon  in  tha 
5  poaltlcn  dr«et  not  chontf^  the  affactivauaea  of  lead  aailcyiata 
vnry  laarledly.  Tm  aiiparent,  »  derate  euperlortty  of  tha  lead 
0-t«rtlary-uutylaailcylata  may  bs  due  mrely  tc  tha  lower  haat 
of  erplofilcn  cf  this  lot  relative  to  tha  Ko.  13  laad  aalicylata 
control  lot.  It  nay  also  be  d'jc  in  part  to  tha  obaarved  aolubility 
of  laad  ^>tartlary>butyleall7ylcta  in  propallant. 

influence  of  SuhrMtution  cf  Lead  Salicylate  by  Kitropiieti/laao 
'^"oupe  in  the  b  Poaitlca.  A  phenolic  hydroxyl  ^^roup  ii  eubject 
to  tautc«Mtrlc  Influencsa  wnlch  r^uy  enable  thia  ;^'roup  tc  eclat  la 
ttM  fora  of  a  ceroccyl  gA*oup.  Thia  inflvauca  vaa  wtud^od  by 
Introun^tion  of  an  azo  group  la  the  pox*  poaltioc  to  tne  hydimyl 
srrcup.  This  Iniroduct.un  producca  a  ketcaDOl-like  equllibrlua 
betvean  a  quinc!>e>  hydra  zona  form  and  cha  phenol-aw  fora.  A  para 
nitn.^phsnylazo  group  vna  used  to  atuly  tha  infliMnce  of  a  ceit^iMVm 
qulnonehydrazone  fens  luvolvlng  tvo  ar^ii'^tlc  nuclei.  The  lisilta> 
tion  of  thia  fora  to  cne  cuclsua  vaa  studied  with  tha  help  of  tha 
m-nltro’-.henylazo  f<-tc.pour<i,  t^ie  lead  aalt  of  waich  haa  a  yellow- 
orange  color  whereas  the  para-joupoxaid  givea  a  leau  salt  of  rad 
color.  Only  tha  tautoaerlc  quirooa  hydrazeoa  fonaa  are  rhowu. 
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TAiUS  l4,  Influsaco  ol'  Quinone  Hydrasone  Formation 
Possjibiiities  on  Effectivity" 
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Hie  raeults  in  fable  l4  sho»?  that  i'mire&'iiflg  possibllitieo  of 
quinoRe«’hyxiragone  formation  gradually  decrease ‘Modifier  effectivltV’ 
In  contrast  to  a  lubstituticri  of  tlm  5  position  by  mi  alkyl  group. 
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TABiK  1^.  Influ.®nce  of  SubBtitAition  of  the  HydiTiKyl 
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i  17^  1 

i  i 

227 

;385 

1^) 

121 

Comparing  l&M  SicetylBBlicylate  md  ealicyiat^,  o?^e  isust 
obasrva  that  the  best  of  ajcplosloa  of  the  ecetylsalicylat© 
coii^ositlon  ie  somewhat  higliar,  wliich  condition  reduceo  its 
effectivity  to  B&m  extant#  Cc-nsiasring  this.#  the  effects  of 
the  two  ccsL^omifis  appear  twry  siriiler.  flis  t'^ason  for  Buch 
havior  is  probabls*'  the  eae©  with  ^^ic'fe  the  or-feo^acstosy  grovp 
is  hydrolysed,  sthosy  g'^-^P  is  amch  Eor^p  gtsasle^  ana  Urn 
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i  r-  Anj  .;i*i  W  f  ^.h  HeSCtir'S  Ch''tjhO  OI‘  h.-.;: -t  i- <  I 


toaiciorip- . 


A  '  ' 


previcus  tiiauuaaionn  nbovJt.  ca^“boxyiic  adds  varo  grouped  aroimd 
aalicyiuvitj  and  t'rieir  aubstltutlon  products  aiid  ieoiasre.  It  w{?cs, 
therofoio," ,  of  intfsri,o'it  to  find  c-ut  vn&thiit  ortho  hydroxy  carboxyl 
acldfi  of  other  arorsiatic  nyatewo  follciAad.  the  nass  general  ruloa. 
Tr.e  hydroxy  lead  nephthop^tee  offered  the  posaiblllty  for  such 
a  coapetrison.  (See  Table  l6). 


H„ 


^0 


n 


22.  I^esd  l‘:>hydroxy-2"naphtboats  23- 


lead  2«hydrox2/-2<“»t|2lithcstG 


TABUS  l6. 


Iiiflu6r.ee!  of 
with  ReiRctive 


Polyiiualaar  Hydroxy  Carboxylic  Acids 
Ortho  or  Para  Poeitioae 


Characteristics 

22.  Fb  I- 

hyiiiroxy-2- 

naphthoat® 

I23*  B5  2-> 
hydroxy-3 “  1 

rjapbthcat^  1 

ri'Tiiii  iTiKr>~' r r.nr.i; 

13.  Fd 
salicy- 
‘  lat® 

i  16.  F& 
jO'.'QresQtinato 

Modifier  effectivity 

164 

1 

i6o  i 

156  i 

i  9? 

S«p«rr@.te  s-rea  . . , , . 

164  ; 

176  ; 

195  I 

1  126 

Pb  cc^oiEiid  by 

i 

i 

j 

1 

analysis,  ^  . . 

2.9 

3.3  ! 

2.9 

3*2 

Fb  in  cQjapoisnd,  $  . , 

35.63 

35.63  1 

43.04 

4o  1 64 

Fu  ih  propS'llant,  $ 

1  1.0 

i.O  i 

i.25 

1.3 

Heat-  of  sjrplosioii 

of  'sropsllaat, 

1 

\ 

i  0  1 

OHO 

86? 

668 

748 

*OT  ' 

i  3^  itiw  1 

oil 

gtaamy-.ya&iCTatBMjutM'n 

h  ftO  ! 

i#Wi»a»’  .-W»a8sa»CTf.  ■«•»»■■■.%>»•.  r—jt^ 

£i<c; 

:  > 

4^ 

83 


'ihf>  reaults  of  this  cossjisrlson  sfio-wr  UtsI  coa^ovm-de  have 

thf:  sarse  effectivlty  a®  that  of  lasd  asllcylat-e  e:v.’  «xci!f#d 
ttet,  of  lead  o-crosotinate.  F'^r  le®4  2-hyds‘o)fy-3-nftphthoste ,  thia 
snjp?!riorit>’  can  be  sally  understood  since  a  position  ortho  to 
the  hydrcxyi  group  io  aveilnble  in  the  nucleua.  H'i*  letd  1- 

hy« -'rsxy-S-nephthosste  doe#  not  imva  auch  s?i  ortho  p-oaltlon  »vwilsbIo 
It  should,  for  this  stiOuon,  act  slsilXorly  to  lco4  0“Crf**sotln.iita , 

In  £in  oarlier  paragrop’:,  "h^  “SMillar  ''sjodifior  iffffifctirity'*  of  this 
i&at  coiapw.-ud  har,  ho.  ••  r-:.*  .Bt-ecl  tfj  the  iaubatitution  of  th«  ortho 
peuition  of  the  hyrr  '-y.  orciip  by  &  rserthyl  grerup.  Tm  u,iff«irJ3nc« 
betueen  tho  itjoulta  u:  truihc  t,uo  Cv^fjjK-wtue  mny  be  esused  by  the 
fact  thttt  the  4  pottilicr.  In  l.-hydro>:y-rj£iphthttieno  le  sort*  r««ctlva 
than  the  U  pofiition  In  n  phenol  fiolecule,  the  foniar  being  an 
6.tpha  position  i:',  a  nephthslentf  aucleuc!  (Ref.  ,14). 


j’ruioience  of  Lead  Di-  and  'IVi-hydroxybariSoatas  as  ^Wdltivas. 

-v'*'  .  ■  !  !■■..■. ihM  in.  >111111  II -lyii  ■  w  <im  ■■  "Unt  r^^WiHii^  JCian  a"  <■»;«««/» 

prfeviona  diaenssien  of  the  inf.lv*!5nce  of  leed  sslicyiote  and 
related  cc-jspounua  had  shown  teat  any  Influxonce  which  reduces 
tho  reactivity  of  the  organic  portion  of  ths  coamouivd  in  a  p03i“ 
ticn  ortfso  to  the  srosintic  hydroxyl  or  other  equivalent  g:roup 
also  rodi-cee  the  ''sno^ificr  ©ffectlvity”  in  doubls-baae-  propellant 
bunsing.  It  reisainad  of  in.te^'&st  to  find  out  vhethfir  uifferonces 
in  the  position  of  o  second  hydroxyl  gproup  would  givo  siisilar 
■r^«suita.  Tao  effeebn  on  tha  burning  rats  diagranis  obtaii>5d  with 
such  pixj'lu.cta  dirfored  to  a  cori-siderabl-t  extent  from  the  plateau 
and  mesa  effects  of  the  previously  invsiitigeted  pr-oduetu.  Ihs 
gen^aral  fors  of  these!  diagrarM  was  piatotiu  in  character  and  not 
B-asa-lilMj.  Eoh'avar^  they  could  bo  exteadc-i  to  higher  ranges  of 
hssts  of  eKplosloiib  burning  rates  j,  and  prenbure'S.,  than  the  di*?,gr®.i?.s; 
for  Issd  siiphatics  or  iesa  salicylate;  modified  propsllente  (see 

>:  w  X  /  • 


Investigation  ef  these  laad  saita  of  dihydroxy  carboxylic 
©ci4@  Ifl  doubls-Dsae  propellartte^wea  that  the  total  inereasee 
in  *'!$odifisr  effect-ivitiee*'  were  very  s.ignificant«  aese  effects 
are  ahowi?.  in  lls'Dle  17* 


0^.  .Ox 


^0'^  ^Fb/2 
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''1 


0" 


H 

24,  tead  2,5~dihydroxybQnso£?te 
(lo’ad  gentieate) 


Pb/? 

v 


i:  1 

to'';  “  if 

i !  i 

'to" 

,/i 
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i 

0.. 

25.  Ljnd  2,6-nihy-^ 

2n,  read  2,>'»-dlhy- 

d  roxy  iienaoss  te 

d  vox  ybr:  n  coa  te 

(leed  y“reeorcylet.e  ) 

(lend  .••^-resorcyi.^itc ) 

TABUK  17.  Influence  of  Dihydro.xybenzoic  Acids 


Characteristics 

1  13.  Pb 
aalit'.y- 
late 

1 

24.  Fn 
genti- 
cate 

I25.  Pb  r- 

•  v*  xi  0  »-N  V*  rs  ^ 

:  t  ^  A  s. .  ^ 

!  late 

i . .  . . . 

1  26.  Pb  y? 

j  rcsorcy- 

1  late 

1 

1 

Modifier  effectivity  .... 

156 

292 

;  347  j 

382 

Superrate  area  . 

Pb  cosnound  by  analy.sis, 

195 

342  ; 

1  298 

340 

2.9 

2.29 

2.12  i 

2.2 

Pb  In  compound,  $  ....... 

^^3  -Oh 

40.36 

40.36 

40,36 

Pb  in  propellant,  $  . 

Heat  of  explosion  of 

1.25  j 

i 

! 

1.17 

[ 

1  0.86 

1 

0.89 

propellant,  cal/g  .....  • 

36-3  1 

‘  853  ! 

847 

839 

PL  No . .  1 

i 

227  j 

493  1 

Kef. 15 

392 

All  lead  dihydroxybsnsoates  have  considerably  higher  ’V^odifier 
effectivitiea”  than  lead  salicylate.  Hie  differences  among  the 
dihydroxy  compounds  themselves  are  much  smaller.  Lead  gentisate 
has  187%,  lead  -resorcylate  222^,  and  lead  j^s-nssorcylete  2^5^ 
of  the 'toil fier  effectivityof  lead  salicylate.  The  feet  that  the 
hydroxyl  groups  in  lead  gentisate  are  para  to  one  another  is  in  line 
with  this  somawhat  smaller  increase  in 'Modifier  effect:!.  vity'J  Tv/o 
hydroxyl  grovips  in  msta  poBition  to  each  other  support  their  indi¬ 
vidual  influences  to  a  higher  degree  as  is  demonstrated  by  the 
larger  modifier  effectiviti©3  of  lead  r-  and  ^-reaorcylate. 
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The  ebove  reii  xte  •*eiae(l  to  require  e  further  exteoeion  of  the 
lnvcs*’-<getlone  to  include  trihydroxybenxoctce.  for  thit  purpoee* 
leed  gallate  wee  iiiveetl gated  at  NCTS  and  iom  pniuroglucinol 
cerboxylate  at  the  Ordnance  Mieeile  Laboratoriea  of  the  Army  at 
Redetone  Araenai  (Ref.  16).  The  rasulta  are  ahown  in  Table  l8. 


27.  Lead  S.U.S- 
trihydroxybenxoate 
(load  gallate) 


26.  load  2,U,6. 
tr ihydroxybentoat a 
(lead  phloroglucinol 
cerboxylate) 


TABLl  16.  Influence  of  TTihylroxybenaoic  Acida 


Characteriatica 

27.  Pb 

gallate 

26.* 

13.  Pb 
aalicy 

late 

26. 

raeorcy* 

late 

5. 

catacho* 

late 

Modifier  affactivity 

251 

e  e  •  e 

156 

362 

26 

Superrate  area  . 

Pb  ccBgKJund  by 

29k 

e  e  e  e 

195 

3**0 

U9 

'■•'eiYeia,  t . 

3.1 

•  e  •  e 

2.9 

2.2 

2.9 

Pb  in  coaqMund,  %  .. 

37.99 

e  •  e  • 

43.0U 

UO.36 

A«.72 

Pb  in  propellant,  % 
Heat  or  exploalon  of 

1.17 

e  e  e 

1.25 

0.69 

1.90 

propellant,  cal/g 

073 

e  •  e  e 

666 

0j9 

863 

PL  Mo  . 

610 

Ref. 

16 

227 

3?2 

_ _  ■  J 

6kk 

*  Ho  bumlng«rato>aodlfyln«(  effacta  uara  obaenred  for  Ho.  28, 
Pb  phloroglucinol  cerboxylate. 


Lead  gallata  hee  a  conaldarably  higher  *aodif<er  effecti^’lty” 
than  lead  ealicylate  (ibO.kf)  but  only  two>thlrda  of 


ooviiKrriAL 


(:offi’irErmAL 
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the  effect  of  lead  .^-resorcylate  (bS.'nO*  foraatlori  of  the 

raoit  effective,  aolicyiats-type  of  bldontat^  group  ia,  of  course, 
uot  poasible  In  letul  gallate,  'nm  fomation  of  a  leas  effcctiye 
lead  catecholnte  type  coordination  Ib,  howt^ver,  pooaible  and  hna 
been  proven  for  the  iron  coraplexea  uaea  in  p-tnaanent  inh«  (Hef. 

17).  Simllnr  obaervationa  hove  been  raodle  with  cKtal  compoundB 
of  5“ealfo-&-hydroxyquinolintiteo  (Kef.  ifl).  mad  gallate  contains 
a  third  hydroxyl  group  which  is  not  involved  !:»  this  fialt  fonsation. 
This  may  explain  the  higher  reactivity  of  this  compound  compared 
to  lead  catecholate. 

The  fact  that  no  burniiig  rate  modifying  effects  ot  all  were 
observed  vith  lead  phloroglucinol  carboxylate  may  be  due  to  the 
very  low  thermal  stability  of  this  acid  which  may  have  caused  its 
decomposition  before  it  entered  the  reaction  zone.  Table  19 
.,.iowa  the  melting  polnta  and  temperatures  of  decomposition  for  sosxj 
polyhydroxybenzoic  acids. 


TABLE  19.  ffelting  and  Decomposition  Points  of  Investigated 
Polyhydroxybenzoic  Acids 


i 

Acid 

1 

Melting  point, 

“C 

Decomposition 
point,  ®C 

cX-reaorcylic  . 

Gallic  . . . 

/ -ixssorcylic  . . 

Gentisic  . 

/-rssorcyllc  . 

Phloroglucinol  carboxylic  . . 

1 

232-3 

222 

213 

200 

i48-167 

no  malting  below 
decomposition 

above  237 

222 

above  melting 

215 

140-167 

100 

Influences  of  Substitution  of  Hydroxyl  Groups  In  Lead  /g»resorcy~ 
late .  amount  of  influence  of  the  hydroxyl  groups  in  lead 

resorcylate  has  been  tested  by  observing  the  changes  obtained 
through  acetylation  and  ethylation  of  such  groups,  llie  results 
are  shoTO  in  Table  20..  Kieae  data  indicate  that  the  highest 
''modifier  effectivitiea"  are  obtained  if  both  hydroxyl  groups  are 
free . 


Table  21  gives  a  comparison  of  the  relative  *V.odifier  effecti» 
vitiea”  (r)  of  those  corripounde  compared  to  lead  ealicylete  ao 
unity. 
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'Aim:  2i .  Reifttive  "ftelifler  EffwctwHis?! 
2, ‘i-dlhydroxyben2::-.fite  ani  its  ArvtyU 
Alkvifitinn 


f*. 


m]:i 


b^ad  cofnpourida 

PL  tkj. 

a. 

I,<sad 

oalicylate  . . 

lAlO 

227 

b. 

lead 

2,*4-dihydroxyben2oate  . . 

2 . 5 

392 

c . 

Ltad 

?-hydroxy-^»-acctoxyben2oate  . . 

.68 

d'lc 

d . 

Lead 

2-hydroxy-h-c*tboxyben2oati»  . . . 

.life 

530 

e . 

lead 

2,h-diac©toyyben2oate  ........ 

.87 

6t3 

f . 

lend 

acefcylasllcylate  . . . 

......  - 

-  -  .  . . -  ■  -■  -  - miir,----..n  - 

.70 

17^‘ 

Since  the  U-hydroxyl  group  la  not  part  of  a  bidentate  group, 
acetylation  or  alkylation  of  this  group  vas  not  expected  to 
appreciably  charige  the  "niodifler  effectivit/!  Hovaver,  the  corres¬ 
ponding  ’'modifier  effectivitiee"  of  (c)  and  (d)  are  even  bel  iw  the 
value  for  lead  salicylate  (a).  The  racdifier  effec.tivity  of  iead 
2,^-diacetcxyben2oate  (a)  is,  surprisingly,  slightly  better  than 
the  value  of  lead  P-hydroxy-H-ocatoxybenzoate  (e).  It  corapares 
fairly  well  with  the  "modifier  effectivity"  of  lead  ncetylsalicylate 
(f),  when  the  proper  alloyances  are  made  for  differences  in  heat 
of  explosion. 


It  had  been  expected  that  ouch  derivatlveo  of  lead  salicylate 
not  having  the  possibilities  of  quinono  formation  or  increased  in¬ 
tramolecular  resonance  would  give/*inodifler  effectivities"  higher 
than  that  of  lead  salicylate.  Because  of  the  contradicting  rnjoulta, 
the  possibility  of  the  acetylation  or  alkylation  having  occuri*ed 
at  the  bidentate  hydroxyl  group  was  considered.  This,  however,  does 
not  appear  probable  from  the  work  published  on  this  subject.  T^ie 
possibility  that  steric  Influences  from  the  substituent  in  the  k 
position  may  hinder  the  reactivity  of  the  3  ®*nd  5  positiona  of  this 
compound  has  been  discussed  to  explain  such  behavior  but  cannot  be 
supported  by  any  other  related  experiences.  Additional  investiga¬ 
tions  would  be  necessary  to  clarify  this  situation,  inasmuch  as 
the  actual  reaction  mechanism, may  be  based  on  more  involved  relation¬ 
ships  than  reactivities  snd  presence  of  bidentate  groups  in  these 
compounds . 

TTie  effects  of  exchanging  the  5~alkyl  group  in  lead  ^"tertisry” 
butylsalicylate  by  5-nitrophenylazo  groups  vrere  shown  In  Table  13 . 
Biese  exchanges  reduced  the  "modifier  effectivity'’of  the  compound 
considerably.  The  B&mi  was  the  case  with  the  ,d-j'OQorcylate 
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32.  Lead  uelt  of  ^-fB-aitrophenylaso)  /S~7*esorcy3.ic  acid 
(lead  5-(ni-nltrophenylc.7,o)  ,i3-resorcylQte ) 


TABLE  22.  Introduction  of  Nltrophenylaso  Gi-oups  in  the 
5  Position  to  lisad  /i5-reBorcylate 


Characteristics 

32.  Fb  5-(m“ 
nltrohpenylazo ) 
^-rasorcylate 

18.  Pb  salt  of  5"' 
(S-nitrophenylazo)- 
btslicylic  acid 

26 »  Pb 
,rf^»rescr“ 
cylate 

Modifier 

effectivity 

94 

69 

382 

Superrato  area 

74 

69 

340 

Pb  compound  by  j 

analysis,  % 

3.0 

1 

4.0 

2.2 

Pb  in  corapovmd, 

1>  . 

26.37 

26.57 

40.36 

Pb  in  props; llant, 

^  .  . . 

0.89 

i 

1.00 

0.89 

Heat  of  explosion 
of  propallant,  j 
cal/g  ........ 

i 

866 

854 

839 

PL  No  . . 

722 

6l4 

392 

Hie  data  in  Table  22  '■Jhow  a  75^  reduction  of  the  "modif  ier 
effectlvlty”  from  -.IntTOfluction  of  the  a^nitropheny'lazo  grow:-  in  the 
5  posi  tion  of  lead  yS~r0i3orcylate  whereas  In  the  caee  of  the 
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aalicylate  ocrlvative,  ccmpound  \P,  the  "nodlfler  effectivlty" 
dfxtpped  by  The  effect  of  the  r  icond  hydrox>l  group  ia, 

therefore,  'orably  reduced  In  coapound  32  probably  becauac 

of  the  Intramolecular  neutral iiatlon  of  the  effecta  of  the  hydroxyl 
group  aa  ahown  by  the  atructure. 


COMCUISIORS 

quotient  of  the  "auperrate  area*  divided  by  the  lead 
content  of  burning- rate*>modifyxng  agenta  baa  been  called  "modifier 
effectivlty".  Uae  of  theae  effectlvltlea  allowa,  at  coaq>arablu 
r.f  heat  of  explowlon;  an  evaluation  of  the  cooatltutlonal 
influence  of  the  organic  part  of  auch  agpnte.  In  many  casea, 
certain  chemical  relatlonablpa  between  chemical  atruct'xre  and 
"modifier  effectivlty"  were  eatabllahed.  The  preaence  of  a  bl- 
d^ntMte  group  including  one  carboxvl,  carbonyl,  or  aquivalar.t 
group  and  one  phenolic  hj’droKyi  or  equivalent  group  producea 
large  "nodlfler  effectlvltlea".  ^tin  larger  effecta  aie  r>btalnnd 
from  aimllar  aromatic  cooqKxuuda  with  t«w  hylrtxyl  group* 
without  vicinal  poaltlonlng  of  any  of  tha  aubstltuenta.  Tha 
aromatic  part  of  tha  molecule  ahould  hmve  the  poaslbillty  of 
reacting  eaally  under  nucleophilic  aubatltutlng  ijxfluences,  aa 
proposed  In  Ref.  U,  and  positions  for  such  reactions  s.nould  not 
be  substituted  by  organic  groups.  Tha  aubatltujnts  of  such 
Boleculea  should  not  aaturata  each  ether  completely  by  intrm- 
moleculer  Influences  but  shouXd  allow  for  a  high  degree  of  Inter¬ 
action  with  the  surrounding  propellant  matrix  In  the  early  tones 
of  the  progressing  cood>uatlon  wave. 

The  Importance  of  bioentate  gxxiupa  locluding  r.  carboxyl, 
carbonyl,  or  equivalent  group  and  a  phenolic  hydroxyl  or  equivalent 
group  for  the  formation  of  highly  active  lead  coad>oiuuis,  cmsldared 
with  the  amall  Influence  of  variations  In  dissociation  constants, 
aeeoui  to  suggest  that  tha  lead  stoma  In  some  of  thaaa  cooqiouads 
rtiay  not  be  present  in  Ionic  form  but  la  the  fora  of  chelate 
complexes,  ^la  observations  made  In  Raf.  4  about  ralatlooshlpa 
^ctveen  certain  radiation  absorbing  additives  and  chungas  In 
aupevrate  burning  affects  may  also  be  valid  for  the  "modlfiar 
effectlvltlea"  of  the  conpounda  discussed  In  this  report.  It 
appears  possible  that  compounds  containing  bldantatc  groups 
may  react  with  other  lead  coa^unds  in  tlie  propellant  matrix  to 
fora  the  actual  burning  rate  modifying  agents.  This  may  also  be 
Indiceted  by  the  results  of  tha  investigations  of  the  recently 
published  Ref  19*  An  extension  of  the  investigations  of  Raf.  l6 
directed  to  ascertaining  the  actual  fora  of  tha  lead  compound  within 
the  propellant  matrix  would  seem  valuable  for  the  further  develop¬ 
ment  of  these  agents.  Tha  application  of  general  principles  of 
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their  .ntersctlon  B:lght  be  heJpful  for  Hut  devolopaent  of  eiBilarljr 
ectlng  eOditlvee  for  other  eolld  propellant  oi  liquid  Bonopropellant 

eye teas. 
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